In the United States, occupational regulations and standards were established to protect workers against the health effects of exposure to hazardous substances and agents when certain values (or limits) are reached. NIOSH establishes recommended exposure limits (REL) for various hazards on the basis of the best available science and practice. The NIOSH REL for noise is 85 decibels, using the A-weighting frequency response (often written as dB(A) or dBA) over an 8-hour average, usually referred to as time-weighted average (TWA). The A-weighting of sound levels is thought to provide a rating that indicates the injurious effects of noise on human hearing. Exposures at or above this level are considered hazardous [NIOSH 1998 ].
The NIOSH REL was developed to assess the risk of hearing loss among industrial workers exposed to steady broadband noise over 8-hour work shifts for up to a 40-year working lifetime and thus may not be completely applicable to assessing the risk to musicians and other music professionals who have irregular and unpredictable sound exposures. Musicians' work schedules vary considerably-they typically play less than 4 hours per day, and sometimes just 2 or 3 sessions or work shifts per week. The REL specifies a maximum allowable daily noise dose, expressed in percentages. The noise dose is based on both the sound exposure level and how long it lasts (duration), so for each 3-dB increase in noise exposure levels, the duration of the exposure should be cut in half (this is what's referred to as exchange rates in standards). For example, a person exposed to average sound levels of 85 dBA will reach 100% of their daily noise dose over their typical 8-hour work shift, but for a musician who is practicing or performing around 60 minutes a day, they will reach their maximum daily dose of 100% only if the sound levels average around 94 dBA. The relationship between exposure duration and levels is shown in Table 1 .
Description of Risk
Hearing loss is one of the most common work-related illnesses in the United States. NIOSH estimates that 22 million U.S. workers encounter noise exposures loud enough to be hazardous. The American Tinnitus Association estimates that 50 million Americans suffer from prolonged tinnitus. As of 2012, the Bureau of Labor Statistics estimates that 167,400 people work as musicians and singers, and 77,600 as music directors and composers [BLS 2012 Although this document is aimed at professional musicians (members of an orchestra or a band, or music teachers) many of the recommendations also apply to the wide range of occupations in the music profession such as audio engineers, producers, crew members, music students, and nightclub disc jockeys (DJs). Professional musicians work and practice in a variety of venues ranging from large music halls, theatres, and arenas; to smaller clubs and school and university music rooms. Musicians are often overlooked in terms of occupational safety and health practices. Music-induced hearing loss occurs slowly and over a long period of time, and most musicians do not seek help until they start to experience secondary symptoms such as tinnitus (buzzing or ringing in the ears), distortion of sounds, diplacusis (hearing same notes at different pitches), and hyperacusis (extreme sensitivity to everyday sounds) [Santucci 2010 ].
In addition, negative health consequences are associated with producing high musical sound levels. Musicians are at increased risk for both musculoskeletal and vocal health problems when producing high sound levels on musical instruments like the piano, trumpet, guitar, or drums. Increased biomechanical demands, whether at the hands, embouchure, or vocal cords, elevates the risks for occupational health problems like tendonitis, carpal tunnel, rupture of facial muscles, and vocal cord malfunction [Hoppmann 2010 ].
Description of Exposure
Measurements of sound levels on stage of rock-and-roll concerts range from 105-120 dB SPL (90 -110 dBA) [Speaks et al. 1970] . A study of sound exposure levels among orchestral members during individual or group rehearsals and during live performances showed sound levels reaching as high as 100 dBA. The highest sound exposure levels among orchestra members were found in percussionists, 95 dBA; flute/piccolo players, 95 dBA; and brass players, 92-94 dBA [Laitinen et al. 2003] . A study of noise exposure associated with marching bands found average sound levels of 95-122 dBA for brass drums, 106-118 dBA for cymbals, and 95-113 dBA for snare drums [Keefe et al. 2004] . Studies of sound exposure during college wind band performances and rehearsals found average levels of concert and symphonic bands were 89-90 dBA [Chesky 2010] , and 52% of subjects had a daily noise dose that exceeded the NIOSH REL [Stewart 2009] . A questionnaire from the Stewart study found the use of hearing protection to be almost nonexistent during "instrumentplaying activities. " Even employees of music clubs are at risk of developing hearing loss; average sound levels at eight different music clubs during performances ranged from 95 to 107 dBA [Gunderson et al. 1998 ]. 
NIOSH Investigation
NIOSH conducted a Health Hazard Evaluation during middle and high school music classes and marching band rehearsals [NIOSH 2012] . Music instruction and rehearsals took place in a band room and in a cafeteria. NIOSH researchers measured the instructor's personal noise exposure using a noise dosimeter. Researchers measured sound levels throughout the room and cafeteria areas. Sound levels during most band rehearsals ranged from 91-97 dBA, and exceeded 100 dBA numerous times. The band director's personal exposure over 6 different classes and rehearsals (228 minutes) was 92 dBA (TWA), with a dose of 461% (both well above the NIOSH REL). Sound levels in the band room were much greater than in the cafeteria, mostly because the cafeteria was larger and had higher ceilings. NIOSH recommendations included treating the rooms with acoustical absorbent materials; providing appropriate space for practice based on the number of the students; improving faculty and students' awareness of the risk of developing noise-induced hearing loss; increasing distances between students and band directors; lowering sound levels during rehearsals, if feasible; taking breaks in quiet areas; and providing teachers and students with custom-fitted musician earplugs. 
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Recommendations NIOSH recommends hearing conservation programs for all workplaces with noise levels that exceed the REL of 85 dBA. However, because music is part of musicians' work and is the direct result of deliberate and desired actions, effective interventions must be behavioral and should rely primarily on awareness, knowledge, competency, and accountability of those producing musical sounds.
Employers, music venue operators, schools and colleges, and anyone responsible for music-related activities should consider the following recommendations:
1. Educate musicians and those involved in the industry about the importance of using increased distances between individuals and arrangements of instruments to reduce overall noise exposure during practice and performances. [For more specific recommendations, see Chasin 2010] .
2. Develop a hearing conservation program that includes annual audiometric testing and training about protecting musicians' hearing.
3. Encourage participation in education and awareness campaigns of music-induced hearing loss, see a list of resources in the "more information" section below.
4. Since music levels fluctuate greatly from one practice or performance to another, conduct regular sound level assessments at a reference location and establish an average and a range of music levels during rehearsals and performances. Conduct personal exposure monitoring of performers and exposed staff. Assessments should be conducted, where practicable, by a certified industrial hygienist or an occupational safety and health specialist.
5. If sound level assessments show elevated levels (consistently exceeding the NIOSH limit of 85 dBA), consider reducing the amount of time musicians and staff are exposed through rotation or offering frequent breaks in quiet areas.
6. Work with musicians and affected workers to identify hearing protection solutions that work best for the individual. A variety of hearing protection options are available from inexpensive foam earplugs to potentially more costly products designed specifically for professional musicians and other entertainers.
7. Although more studies are needed to verify the effectiveness of general noise control solutions for musicians' workspaces, the following features may be effective in reducing the overall sound exposure levels among musicians and staff:
-Consult with architects, acousticians, and sound engineers to create the best desired and most effective musical workspace -If the workspace for musicians or staff is very reverberant, treat certain sections of walls and ceilings with sound absorbent material to reduce reverberation time. Higher ceilings also help reduce reverberation for high energy instruments such as brass instruments and percussion -For rehearsal and practice, consider using appropriate size rooms for the number of musicians -Placement, spacing, and use of enclosures can help reduce overall sound levels from certain instruments -If rooms or venues have hard reflective surfaces, position instruments and speakers to direct sound away from musicians Musicians and workers in the music industry should consider the following recommendations:
1. When possible, play music at lower levels during individual and group rehearsals. If using amplified speakers in live performance, work with sound engineer to adjust the volume down to desired but acceptable levels.
2. If you use In-Ear monitors (IEM) to listen to vocals and stage instruments, work with your sound engineer and fitting audiologist to reduce sound output to workable levels, especially during practice and rehearsals.
3. Wear hearing protection when appropriate and ask your employer or audiologist about getting custom-fitted earplugs that work best for your environment.
4. Have your hearing evaluated annually by an experienced audiologist who understands noise exposures in the music industry.
5. Always be aware of your sound exposure level, an easy and practical way is to use your smartphone and a sound meter app (see NIOSH evaluation of smartphone sound measurement apps http://blogs.cdc.gov/ niosh-science-blog/2014/04/09/sound-apps/).
6. Give your ears some rest; ears typically need about eighteen hours of quiet after exposures to loud sounds in order to return to normal hearing. Take advantage of breaks (in quiet areas) whenever possible. 
